We investigate the mass differences ∆M B d,s in the mixing B 0 d,s −B 0 d,s with a new up-like quark t ′ in the sequential fourth generation model. We give the basic formulae for ∆M B d,s in this model and obtain two kinds of numerical results of ∆M Bs which is the function of m t ′ . We find that one of our results can satisfy the present experimental low bound of ∆M Bs . We also get the constraints of the fourth generation CKM factor V * 
Introduction
The Standard Model (SM) is a very successful theory of the elementary particles known today. But it must be incomplete because it has too many unpredicted parameters (ninteen!) to be put by hand. Most of these parameters are in the fermion part of the theory. We don't know the source of the quarks and leptons, as well as how to obtain their mass and number theoretically. We have to get their information all from experiment.
From the point of phenomenology, for fermions, there is a realistic question is number of the fermions generation or weather there are other additional quarks or leptons. The present experiments tell us there are only three generation fermions with light neutrinos which mass are less smaller than M Z /2 [1] . But the experiments don't exclude the existence of other additional generation, such as the fourth generation, with a heavy neutrino, i.e. m ν 4 ≥ M Z /2 [2] . Many refs. have studied models which extend the fermions part, such as vector-like quark models [3] , sterile neutrino models [4] and the sequential fourth generation standard model (SM4) [5] which we talk in this note. We consider a sequential fourth generation non -SUSY model [5] , which is added an up-like quark t ′ , a down-like quark b ′ , a lepton τ ′ , and a heavy neutrino ν ′ in the SM. The properties of these new fermions are all the same as their corresponding counterparts of other three generations except their masses and CKM mixing, see tab.1, up-like quark down-like quark charged lepton neutral lepton u d e ν e SM fermions c s µ There are a lot of Refs. about the fourth generation [5, 6, 7, 8] . In our previous papers [7, 8] , we investigated the rare B meson decays with the fourth generation [7] and ǫ ′ /ǫ in K 0 systems in SM4 [8] . We got some interesting results, such as the new effects of the 4th generation particle on the meson decays and CP violation. We also got the constraints of the fourth generation CKM matrix factors, like [8] . In other words, these rare decays provid the possible tests of the fourth generation existence.
In this note, we talk about the mass difference ∆M B d,s in B 0 −B 0 [10, 11] with the fourth generation. We will give the prediction of ∆M Bs in SM4 and obtain the constraints of a new fourth generation CKM matrix factor
Particle-antiparticle mixings are responsible for the small mass differences between the mass eigenstates of neutral mesons, such as ∆M K in K L −K S mixing and ∆M B d,s in B 0 −B 0 mixing. Being the FCNC processes , they involve heavy quarks in loops and consequently are perfect testing grounds for heavy flavor physics. For example, B 0 −B 0 mixing [12] gave the first indication of a large top quark mass. K L − K S mixing is also closely related to the violation of CP symmetry which is experimentally known since 1964 [13] . They are sensitive measures of the top quark t couplings V ti (i = d, s, b) and of the top quark mass m t . The experimental measurement of ∆B d is used to determine the CKM matrix elements V td [10] . It offers an improved determination of the unitarity triangle with the future accurate measurement of ∆M Bs [10, 11] . For physics beyond the SM, there are a number of studies of the new physics effects in B d decays [14, 11, 15] . But B s system has received somewhat less attention from new physics point of view [16, 11, 15] . Experimentally, ∆M B d has been accurately measured, ∆M B d = 0.473 ± 0.016(ps) −1 [11, 17] . But ∆M Bs has only lower bound, ∆M Bs > 14.3(ps) −1 [11, 18, 17] . V t ′ b . These factirs are constrained by the rare decays B → X s γ in [7] . We find, our results of the prediction of ∆M Bs in SM4 are quite different from that of SM and can satisfy the lower experimental bound in one case of the values
. In another case , the results ares almost the same as in SM . The new effects of the fourth generation show clearly in the first case. Second, we get the constraint of a fourth generation CKM matrix factor,
. These result don't contradicted the unitarity constraints for quark d, b [19] .
In sec. 2, we give the basic formulae for the mass difference ∆M B d,s in B 0 −B 0 with the sequential fourth generation up-like quark t ′ in SM4 model. In sec. 3, we give the prediction of mass difference ∆M Bs in SM4 and the numerical analysis. Sec. 4 is devoted to the numerical analysis of the fourth generation CKM matrix factors
from the experimental measurements of the mass difference ∆M B d in SM4. Finally, in sec. 5, we give our conclusion. 
where
d,s respectively and S 0 (x t ) is the Wilson coefficient which is taken the form [10] 
W . The mass differences ∆M d,s can be expressed in terms of the offdiagonal element in the neutral B-meson mass matrix
In SM4, if we add a fourth sequential fourth generation up-like quark t ′ , the above equations would have some modification. There exist other box diagrams contributed by t ′ (see fig. 1 ), similar to the leading box diagrams in MSSM [15] . The effective Hamiltonian in Standard Model, Eq. (1), chang into the form [20] ,
where (B BsF
). The new Wilson coefficients S 0 (x t ′ ) present the contribution of t ′ , which like S 0 (x t ) SM in eq. (5) except exchanging t ′ quark not t quark. S 0 (x t , x t ′ ) present the contribution of a mixed t − t ′ , which is taken the form [21] 
The numerical results of S 0 (x t ′ ) and S 0 (x t , x t ′ ) is shown in Tab. 2.
The short-distance QCD correction factors η t ′ and η tt ′ can be calculated like η c and η ct in the mixing of K 0 −K 0 , which the NLO values are given in refs [10, 20] , relevant for scale not O(µ c ) but O(µ b ). In leading-order, η t is calculated by 7.11 -7.28 -7.44 -7.60 -7.74 -7.87 -7.99 -8.12 -8.23 [11, 18] . We have given the calculation formula of ∆M Bs in eq. (6) and the numerical results of Wilson coefficients S 0 and QCD correction coefficients η. If we constrain the fourth generation CKM factor V * t ′ b V t ′ s , we can predict ∆M Bs in the SM4. Fortunately, from our previous paper [7] , we have obtained the constraints of
from experimental measurements of B → X s γ. Here, we give only the basic scheme and the final numerical results.
The leading logarithmic calculations can be summarized in a compact form as follows [10] :
In the case of four generation there is an additional contribution to B → X s γ from the virtual exchange of the fourth generation up quark t ′ . The Wilson coefficients of the dipole operators are given by
where C are the fourth generation CKM matrix factor which we need now. With these Wilson coefficients and the experiment results of the decays of B → X s γ and Br(B → X c eν e ) [22, 19] , we obtain the results of the fourth generation CKM factor
There exist two cases:
The numerical values are showen in Tab. The mass difference ∆M Bs in these two cases are shown in figs. 2(a) and 2(b) respectively. In the second case, which the value of
), the curve of ∆M Bs to m t ′ is almost overlap with that of SM. That is, the results in SM4 are the same as that in SM. In this case, there does not show the new effects of t ′ . The mass difference ∆M Bs is still unclear. We can not obtain the information of existence of the fourth generation from ∆M Bs or do not exclude them. The reason is that , from tab. 5,
are positive, they are of order 10 −3 and are very small. The values of V * ts V tb are about ten times larger than them (V * ts = 0.038, V tb = 0.9995, see ref. [19] ). Furthermore, the last two terms about m t ′ in eq. (6) are approximately same order. The contribution of them counteract each other.
But in the second case, when the values of
). The curve of ∆M Bs is quite different from that of the SM. This can be clearly seen from fig.  2(b) . The enhancement of ∆M Bs increases rapidly with increasing of t ′ quark mass. In this case, the fourth generation effects are shown clearly. The reason is that
is 2-3 times larger than V * tsV tb so that the last two terms about m t ′ in eq. (6) [11] . We can get the constraints of the fourth generation CKM factor
We change the form of eq. (5) as a quadratic equation about
(in which the absolute value is large) and
(in which the absolute value is small), just like the other 4th generation CKM matrix factor
However, experimentally, it is not accurate for the measurement of CKM matrix element V td [10, 19] . So, we have to search other ways to solve this difficulty. Fortunately, the CKM unitarity triangle [23] , i.e. the graphic representation of the unitarity relation for d, b quarks, which come from the orthogonality condition on the first and third row of V CKM ,
From the above equation, we can give the constraints of V td V * tb [24] ,
Then, we give the final results as shown in the figs. 3(a) and 3(b).
We must announce that figs. 4 show the curves with
(absolute value is the small one) only. Because the absolute value of
is generally larger than 1. This is contradict to the unitarity of CKM matrix. So, we don't think about this solution. From the figs. 4, we find that all curves are in the range from −1 × 10 −4 to 0.5 × 10 −4 when we considering the constraint of V td V * tb . That is to say, the absolute value of
−4 , 2 orders smaller than the sum of the first three ones in the left of (14) . Considering that the data of CKM matrix is not very accurate, the values of
are safely in the error range of the sum of these first three terms and don't contravene the CKM matrix unitarity constraints.
Conclusion
We have investigated the mass differences ∆M B d,s in the mixing B 
